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Compuler-aided prololyping of real-time systems. 
Research Description 
The goal of this research is to enable rapid prototyping of 
hard real-time syslems via a compuler-aided prolotyping 
system (CAPS). CAPS is based on a prototyping language 
with module specifications for modeling real-time systems 
and combining reusable software. These tools make It 
possible for prototypes to be designed quickly and 
executed to validate the requirements. Our research focuses 
on automated methods for retrieving, adapting, and 
combining reusable components based on normalized 
module specifications; establishing feasibility of real-time 
constraints via scheduling algorithms; simulating 
unavailable components via algebraic specifications; 
automatically generating translators and real-time 
schedules for supporting execution: constructing a 
prototyping project database using derived mathematical 
models; providing automated design completion and error 
checking facilities in a designer interface; and establishing 
a convenient graphical interface for design and debugging. 
Rapid prototyping is a means for stabilizing and validating 
the requirements for complex systems by helping 
customers visualize system behavior prior to detailed 
implementation, e.g. for embedded conlrol systems with 
hard real ~time conslraints. CAPS suppons an iterath•e 
prototyping process characterized by exploratory design 
and extensive prototype evolution. This should enable the 
first production version of the software to match user needs 
and reduce the need for expensive modifications after 
delivery. The current version of CAPS has been used to 
generate a software prototype of a C31 system with hard 
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real-time constraints. The preliminary result of such an 
approach has shown great promise. 
Relevance to DoD/DoN 
Embedded software systems with hard real-time 
constraints are used for many control functions in mission-
critical applications. Development of these systems is 
plagued with incorrect requirements, inadequate reliability, 
and excessive maintenance cost. Our work addresses all of 
these concerns. It provides computer aid for validating 
requirements to a high level of confidence via an iterative 
prototype-demonstrate-adjust method that removes 
uncertainties about the requirements before the massive 
detailed implementation effort begins. Computer aid 
speeds up the process. reduces costs, and enables 
assessment of feasibility for interacting real-time 
conslraints that arc too complex for reliable assessment by 
manual methods. Automated methods for construcung 
schedules guarantee that all deadlines will be met under all 
specified operating conditions, eliminating transient timing 
faults. Prototyping and automatic code generation reduce 
maintenance costs by ensuring that modified requirements 
are valid before they are implemented and by alleviating 
the brittleness of manually construc ted code with respect to 
real-time constraints. 
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